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THE HALL EFFECT I N  POLYCRYSTALLINE SEMICONDUCTOR TEST SPECitqihS 

1 
A.  Kobendza and M. Chorazy 

AESTlt4CT: Descr ip t ion  of t h e  model of a  p o l y c r y s t a l l i n e  
semiconductor f i l m  assuming t h a t  t h e  g ra ins  and t h e  boun- 
d a r i e s  between them have d i f f e r e n t  c o n d u c t i v i t i e s  and 
Hall  mob i l i t i e s .  The e f f e c t  of g ra in  boundaries on t h e  
measured va lues  of conduct iv i ty ,  Hall  mob i l i ty ,  and 
concent ra t ion  of cu r ren t  c a r r i e r s  i s  estimated. Using 
t h i s  model, t h e  r e l a t i o n  between Hal l  mobi l i ty  and 
t h e  i l l umina t ion  i n t e n s i t y  i n  p o l y c r y s t a l l i n e  cadmium 
se len ide  is determined wi th  allowance f o r  t h e  production 
technique of semiconductor f i lms .  A71-18187 

1. In t roduct ion  

The Hal l  e f f e c t  was discovered a t ' , the  end of t h e  19th  centur-y Ci.3 l879), /855* -- 
Today, it is  genera l ly  appl ied  i n  t h e  phys ics  of semiconductors t o  determine 

t h e  concent ra t ion  of  c u r r e n t  c a r r i e r s .  I n  some cases ,  t h e  Hal l  e f f ecc  a l s o  

f u r n i s h e s  information on t h e  band s t r u c t u r e  of a  semiconductor. 

The c l a s s i c a l  Hal l  e f f e c t  r e f e r s  t o  e l e c t r i c a l l y  homogeneous speci~ncns of 

cons tant  thickness.  However, i n  p r a c t i c e ,  specimens a r e  not  measured under  t h e  

above condit ions.  Examples are specimens of evaporated semiconductors with a 

granular  s t r u c t u r e .  

Grain s i z e s  a r e  cons iderably  smaller  than  t h e  l i n e a r  dimensions o f  -the 

e n t i r e  t e s t  specimen, about 1 micron. The boundaries between them can have 

d i f f e r e n t  e l e c t r i c a l  p r o p e r t i e s  f rom' those  of t h e  ma te r i a l  of t h e  neighboring 

gra ins ,  The ques t ion  t h e r e f o r e  o f t e n  a r i s e s  a s  t o  whether measurements o f  zhe 

Hall  e f f e c t  s e rve  any useful  purpose when t h e s e  specimens a r e  used, I t  is  

d i f f i c u l t  t o  answer t h e  ques t ion  unequivocally. 

But i f  an elementary, simple m4del of a  granular  specimen i s  used, we can 

provide a  number of p r a c t i c a l  c o r o l l a r i e s  f o r  t h e  es t imat ion  of Hall  neaswe- 

ments on vapor-deposited p o l y c r y s t a l l i n e  layers .  The purpose of this a r t i c l e  

i s  t o  d i scuss  t h i s  mat ter ,  wi th  s p e c i a l  emphasis on cadmium se len ide  vapor- 

coated l aye r s ,  
-- 

1, Semiconductor Device P l a n t ,  E l e c t r i c a l  Engineering I n s t i t u t e ,  Polish 
Academy of Sciences. 

* Numbers i n  t h e  margin i n d i c a t e  paginat ion  i n  t h e  fore ign  t e x t .  



2 ,  Fundamental assumptions and condi t ions  

Figure 1 shows a  p o l y c r y s t a l l i n e  semiconductor specimen which we c.an usct 

t o  measure t h e  Hal l  e f f e c t .  

Let u s  assume t h a t  on ly  one kind of c a r r i e r s ,  e l e c t r o n s ,  takes~par-t i n  

cu r ren t  conductance. 

Figure 1. Specimen f o r  Hal l  measurements 

Current j (E  > 0 )  flows i n  t h e  d i r e c t i o n  of t h e  x  a x i s  of t h e  specimen, i856 
X X 

The induced magnetic f i e l d ,  B ,  i s  d i r e c t e d  perpendicular  t o  t h e  su r face  of t h e  

specimen along a x i s  z. The Hall  vol tage  occurs  along a x i s  y(j = 
Y 

The fol lowing u n i t s  w i l l  be used: 

2 
oiS/ml; F$irn3/cl; uHlm /VS = l / ~ l  

The e l e c t r i c  f i e l d  i n t e n s i t y  i n  t h e  d i r e c t i o n  of t h e  y  a x i s  is 

E = R j B ,  (11  
Y H x  

1 
where % = -A- i s  t h e  Hal l  c o e f f i c i e n t ,  cons tant  A = 1 t o  2 depending on t h e  

en 
s c a t t e r i n g  mechanism of t h e  c a r r i e r s  i n - t h e  c r y s t a l  l a t t i c e ,  and j = oE = en, E*, 

x x n x 

After  s u b s t i t u t i n g  t h e s e  magnitudes i n  Equation ( 1 )  

1E,= -Ap,EXB,  C 2 )  

E,= - p H E a B .  

I n  p o l y c r y s t a l l i n e  l a y e r s  and i n t e r m e t a l l i c  compounds A = 1, 

3. Model used f o r  a p o l y c r y s t a l l i n e  t e s t  specimen 

The fol lowing model i s  taken f o r  a  t e s t  specimen of a  p o l y c r y s t a i i i n e  se~i- 

conductor. The g ra ins  a r e  squares ,  w on a  s i d e ;  t h e  p a r t i t i o n i n g  bo~undaries of  



t h e  square have width h (F igure  2 ) .  Thiclcness of t h e  specimen is  consc-~;n-c an& 

equal t o  d. Conductivity and mobi l i ty  of g ra ins  a r e  taken a s  o a n d  L,;; of 1 

t h e  boundaries,  a s  o and p , r e s p e c t i v e l y ,  and f o r  t h e  whole polycrys-?al l inc 2 2 
specimen a s  o and p The magnitude of w is  many t imes  smal ler  than -;he dimen- H ' 
s i o n s  of t h e  specimen. 

The conduct iv i ty  o of t h e  p o l y c r y s t a l l i n e  

1 a,h 
a= C -  

B B k k + w  . -+.-- 
,-'@I 4.7 W 

specimen can be expressed 

Figure 2 .  Model of a  p o l y c r y s t a l l i n e  Figure 3 ,  Model of a  layer i n  case 
l a y e r  of boundaries paral lel .  t o  

t h e  cu r ren t  vector, 

The g ra in  boundaries have d i f f e r e n t  e f f e c t s  on t h e  Hal l  e f f e c t ,  depending on 

whether t h e i r  conduct iv i ty  i s  l a r g e r  or smaller  than t h e  gra in  conduc.eivizy, 

Moreover, t h e i r  i n f luence  on the  Hal l  e f f e c t  is d i f f e r e n t  depending on t h e  a n g l e  

c u r r e n t  j makes wi th  t h e  boundary. 
X 

3.1 High- res i s t iv i ty  boundaries a > o 
I- 2  

a )  The cu r ren t  vec to r  ,j i s  p a r a l l e l  t o  t h e  boundary 
X 

The e l e c t r i c  f i e l d  i s  cons tant  i n  t h e  g ra in  and a t  t h e  boundary, and i s  E , 
X 

Currents  of d i f f e r e n t  d e n s i t i e s ,  jl and j2, flow through t h e  gra in  and t h e  

boundary where o f a2' A bend i s  recorded on t h e  equ ipo ten t i a l  line khC ax 

t h e  boundary t r a n s i t i o n ,  where t h e  Hall  e f f e c t  i s  d i f f e r e n t  i n  two a reas ,  

Let u s  des ignate  t h e  Hal l  vo l t age ,  VH, between p o i n t s  AC ( ~ i ~ u e  3 )  as 



Substituting p = pZ, we get the  equation f o r  a homogeneous specisem 
1 

- a / , , - p e ~ ~ J ( w  t h )  , ( > I  

VIIl - PI(W 4 h )  -- (6: 
. P/g p p W f ~ 2 h '  

Eq. ( 6 )  y ie lds  the  r e l a t i v e  change i n  the  Hall voltage caused by chc cxis-cence 

of a high-resistance in tergranular  boundary p a r a l l e l  t o  t he  current  vector, 

Eq. ( 6 )  i s  f o r  a s ing le  boundary and a s ing le  gra in ,  but it i s  v a l i d  for 

a multi grain specimen. 

b )  The current  vector j- i s  perpendicalar t o  t he  boundary 
4% 

jx = jl = j2= 

The current  densi ty  i s  constant i n  both grain and boundary, and i s  jx, The 

e l e c t r i c  f i e l d  depends on t he  conductivity of t he  area  of grain and boundary, /a58 -- 
and is  E, and E,, respect ively ,  

Let us designate t h e  Hall voltage V,, between points  AC ( ~ i g u r e  43 

If P1 = P2 and o = g2 does not hold a t  the  grain boundar2es 
1 9 

' Eq. ( 9 )  yie lds  the  r e l a t i v e  change i n  t he  Hall voltage,  VH1,  caused by r h e  

existence of a high-resistance in tergranular  boundary perpendicular to it;he 

current  vector. 

Y 

Equipotential l i n e  

Figure Model of a layer  w i t h  bouncaries 
perpendicular to  the  curren-c 
vector 



Eq. ( 9 )  depends on t h e  magnetic f i e l d .  I n  Eq. (21,  f o r  t h e  Wall efLecr, 

The magnitude of 1 can be l a r g e r  than  h by many o r d e r s  of magnitude, as will Se 

seen from Eq. (101, a s  wel l  a s  by w. 

When 1 > w ,  Eq. ( 7 )  does have a d e f i n i t e  e r r o r ,  but  st i l l  can be ~ s e d  -La 

es t imate  t h e  change i n  t h e  Hall e f f e c t  produced by t h e  boundary, 

l / ( l + S )  = h(w+h) and S / ( l+S)  = w/(w+h) can be taken a s  t h e  f z r s h  ap2roxi- 

mation i n  t h e  case  of a  r e a l  p o l y c r y s t a l l i n e  specimen. I t  expresses che f acz  

t h a t  a  p a r t  of t h e  equ ipo ten t i a l  l i n e  passes  through t h e  gra in  and a p a r t  /a59 - 
through the  boundary. Accordingly, i t s  length  is  propor t ional  t o  w and h, 

EqU (10)  can be omitted i n  t h e  p o l y c r y s t a l l i n e  layers .  

3 . 2  Boundaries a r e  b e t t e r  conductors than  g ra ins ,  o % o -1 

The Hall  e f f e c t  is  reduced a t  good conducting boundaries because the 

Hal l  vo l t age  i s  shorted through t h e  good conducting area. This  phenomenon is 

, analogous t o  t h e  in f luence  of  cu r ren t  e l ec t rodes  on t h e  Hall  vo l t age  [L?, 

* 
I n  t h e  specimen of an e l ec t rode  system with t /w 2 3 ( 1  - l e n g ~ h ,  w - wL~-cra 

of t h e  specimen), t h e  Hal l  e f f e c t  i s  p r a c t i c a l l y  t h e  same a s  f o r  a nuch longer 

-- - specimen ( 1  -B co). On t h e  o t h e r  hand, when l/w = 0.25, vol tage  V i s  rec i~ced  
W 

t o  20% of t h e  previous value. The reduct ion  i n  V i s  associa ted  w i t h  ?;he facz 
H 

t h a t  t h e  equ ipo ten t i a l  l i n e s  i n  the  semiconductor i n  t h e  v i c i n i t y  cf zhe edge 

of  t h e  cu r ren t  e l ec t rodes  a r e  not  p a r a l l e l  t o  them. There a r e  good condLccing 

boundaries i n  t r u e  p o l y c r y s t a l l i n e  l a y e r s  some of  which a r e  perpendicular  t o  

t h e  cu r ren t  flow and p l a y  t h e  r o l e  of t h e  above-mentioned cu r ren t  coalacds, 

The gra in  boundaries themselves can show a c e r t a i n  Hal l  e f f e c t .  Wcwever, t h e  

e f f e c t  w i l l  be n e g l i g i b l e  when average conduct iv i ty ,  and consequently -the 

c u r r e n t ,  jx, i s  low, 



4. Limita t ions  of t h e  model used 

The model of t h e  po lyc rys ta l l ine - l aye r  s t r u c t u r e  can be s irnpli . f ie~L kher. 

c u r r e n t  flows through t h e  p o l y c r y s t a l l i n e  l a y e r ,  e l e c t r i c a l  charge can ~ce-ua-&!ate 

a t  t h e  gra in  boundaries,  condit ioned by a  change i n  t h e  e l e c t r i c a l  f i e i d  veczar ,  

E, a t  t h e  boundary of t h e  two media. Moreover, t h e  change i n  t h e  c a r r i e r  COL- 

c e n t r a t i o n  changes t h e  Debye l eng th ,  L,,, and, consequently, t h e  "widoh" of t h e  

g ra in  boundaries. The assumption of cons tan t s  o and ol along t h e  bow-~dary, o r  
, 2  

along t h e  g r a i n ,  does not  correspond with a c t u a l  condi t ions ,  except when i, is 
si 

many t imes smal ler  than  t h e  mean gra in  measurements. Change i n  induct ion ,  D, 

i s  associa ted  wi th  a  bend i n  veci(or E  a t  t h e  passage through t h e  boul~dary of 

t h e  two media, and t h i s  was not  taken i n t o  cons idera t ion  i n  t h e  above paper, 

I n  t h e  case  of t h e  general s o l u t i o n ,  one should know t h e  mathematical grzin 

d i s t r i b u t i o n  i n  t h e  p o l y c r y s t a l l i n e  specimen, a s  wel l  a s  t h e  d i e l e c t r i c  con- 

s t a n t  ( s p e c i f i c  induc t ive  capac i ty )  of boundaries and gra ins .  The appearance 

of energy b a r r i e r s  between g ra ins  a l s o  i s  poss ib le ,  These b a r r i e r s  e f f e c t  t h e  

temperature and luminescense re ' la t ions  of t h e  Hall  mob i l i ty  and conduc-kance, 

a s  wel l  a s  t h e  s c a t t e r i n g  of cu r ren t  c a r r i e r s .  I n  add i t ion  t o  t h e  above 

s t i p u l a t i o n s ,  t h e  d i scuss ion  of t h e  equations derived i n  Sect ion  3 y i e l d s  cer-  

t a i n  p r a c t i c a l  suggest ions f o r  t h e  measurements of p o l y c r y s t a l l i n e  l aye r s ,  

5, Discussion of r e s u l t s  

5.1 Low-resistance boundaries,  o 
2 3 1  

I n  concordance wi th  Sect ion  3.2, measurement of a  p o l y c r y s t a l l i n e  

specimen w i l l  show t h e  conductance t o  be higher  than t h e  conductance i n  grains 

(5 . The Hal l  vol tage  w i l l  be many t imes  smal ler  ( V  < V ) than f o r  a  
H HI 

homogeneous specimen. Hal l  mobi l i ty  w i l l  be l e s s  than  i n  t h e  g r a i n s ,  and she 

ca lcu la t ed  concent ra t ion  w i l l  be grea ter .  

5.2 H i  gh-resi s tance  boundaries , < o 
o-1 

a) Doundnrics p a r a l l e l  wit11 t h e  j -  vector .  
n 

The gra in  boundaries p a r a l l e l  t o  t h e  cu r ren t  vec tor  j i n f i u e j ~ c e  
x 

t h e  Hal l  vo l t age ,  VH, but  t h i s  in f luence  is  considerably smaller  than  i.hat o f  

t h e  perpendicular  boundaries. 



Le t  u s  suppose t h a t  we have a t  o u r  d i s p o s a l  a  p l a t e  composed o1 dcl--ge 

monocrys ta l l ine  blocks of d i f f e r e n t  o r i e n t a t i o n .  I f  a  Ha l l  spec iaen  cannot bc 

c u t  from a s i n g l e  b lock ,  it should be done such t h a t  t h e  boundaries  rsn nore 

o r  l e s s  p a r a l l e l  t o  t h e  c u r r e n t  flow, Furthermore, i f  t h e  b locks  i n  -ciie spec i -  

men have t h e  approximate parameters  o and i ~ ,  , t h e  measured H a l l  e f  Iect ~ + i l  ll ha-~e  

t h e  same va lue  a s  w i l l  a  homogeneous specimen ( s e e  Eq. ( 6 ) ) .  If pl ,,k p 2  and 

o1 $ 02, t h e  measured v o l t a g e  V ac ros s  a  p o l y c r y s t a l l i n e  specimen w i r h  parallel H 
h igh - re s i s t ance  boundaries  w i l l  be lower than  t h e  Hal l  v o l t a g e  a c r o s s  %he g ra ins  

themselves. 

b )  Boundaries perpendicular  t o  t h e  j-- vec to r .  
h 

The e f f e c t  of g r a i n  boundaries  perpendicular  t o  t h e  ~ u r r c n t  vector, 

jx, was c a l c u l a t e d  through Eq. ( 3 )  and ( 9 ) ,  assuming o = cons t .  
2  

o1 ekianges 

over  a  wide range from o = o 
1 2 

t o  o1 = 200 02, f o r  example, a s  a resuPe of 

i l l u m i n a t i o n  of t h e  specimen 

Table 1 

bounq "widergt bound 
W W 
-=I0 * -=2 

If g ra in  conductance i n c r e a s e s ,  t h e  r e s u l t a n t  conductance o of the specimen 

i n c r e a s e s ,  bu t  a t  a slower r a t e  because it i s  l i m i t e d  by t h e  weak conduc~ance 

of  t h e  g ra in  boundaries.  

The Ha l l  v o l t a g e ,  VH, as w e l l  as t h e  Ha l l  mob i l i t y ,  then  i s  calcuLated 

assuming pl = p2. Table 2  
Assuming p,! . = p,2 

7 



- I f  pl= p Z ,  t he  measured Hall voltage,  VH, i s  higher across  very l a rge  - /861 

boundaries, than t h e  Hall voltage across t he  grains themselves, the  lower t h e  

conductivity of t h e  boundaries, and t he  greater  t h e i r  width. This proves t h a t  

t he  e n t i r e  Hall e f f ec t  depends primarily on high-resistance boundaries. 

Measured mobil i ty,  y ,  d i f f e r s  l i t t l e  from t h e  mobi l i t i e s  of gra ins  and 

boundaries. 

Table 3 1 l s z s  voltage VH and mobil i ty y f o r  the  case when y1 { u2. 

I f  p2  < yl, measured mobil i ty y i s  always smaller than mobil i ty p ,  i n  the  

grains. The greater  is  t h i s  decrease t he  higher the  res i s tance  of t h e  boundaries, 

and t he  greater  t h e i r  width. 

Table 3 

. . W 
' . . \ .  .... . . 

' ' 1  ..,..... , , 
'. h . 

. . . . I .:.. , .'. , . . . vs vil /a I .  . I  P 
- 1  . 

. . .  
.' . u1=@2 ' fit = 2 O ~ i  0,915V~g ' 0 , 6 8 3 ~ ~ 1  . , 0.915~1 0.683~1 

' : a 1 = 2 a z  .pl=2Op2 0.92 Va a 0.7 vat 0 , 8 0 9 ~ l  0 , 4 6 2 ~ ~  
: - al=lOap.  fir =201z 495  YEP $833 VR; 4 4 8 3 ~ 1  . 0.166~1 

u 1 = I 0 0 u z ,  p1=20pz . 1,46Van 23Vsn . 4 1 3 6 1  0,0529fil 
: u 1 = 2 0 0 ~ 2  ~r'2OPr , . 1.82V.n.. ., , 4vx'an 0,091fil ' 9041 n 

' 

. . .  - .  

Let us i l luminate  a polycrysta l l ine  specimen. Let us  assume ol changes 

from a = 2a2 t o  al = lorn2, and t h a t  t he  width of t h e  grain boundaries is from 
1 

h = wj/2 t o  h = w/10. Table 3'shows t h a t  t h i s  i l luminat ion produces an increase 

i n  measured mobil i ty,  y , by a f ac to r  q15. 

6. Hall e f f e c t  measurements i n  cadmium selenide vapor-grown layers  

Some proper t i es  of vapor-grown CdSe layers  can be explained by using t he  

above model of a polycrysta l l ine  layer.. Included among others is t h e  re la t ion-  

sh ip  between H a l l  mobility and l i gh t .  This mobility shows ce r t a in  character is-  

t i c s  t h a t  persuaded t he  authors t o  examine t h i s  question. 

Light causes a change i n  the  f i l l i n g  of dispersion and recombination cen- - 
t e r s  of semiconductors of t h e  CdSe type t h a t  can r e s u l t  i n  a threefold  change 

i n  mobility a t t r i bu t ab l e  t o  l i g h t  .[21. On t h e  other  hand, an increase  by a 

f ac to r  of 30 is  observed i n  mobil i ty,  p ,  i n  polycrysta l l ine  l ayers  when t h e  

specimen i s  i l luminated ,. [3 1. 



The ef fecc  of l i g h t  on change i n  mobi l i ty  was found, upon e x a f i i n u ~ ~ o ~ ,  to 

depend on t h e  t reatment  given t h e  l aye r s .  Typical r e s u l t s  a r e  listed i n  L ~ b i e  

4. These r e s u l t s  can be summed up a s  fol lows,  Unwarmed specimens, o r  those 

warmed i n  a i r  a t  temperatures below b O ° C ,  show an inc rease  i n  mobj.Pizy upcjn 

i l luminat ion .  Table 3 shows t h a t  t h i s  happens wi th  inc rease  i n  o, ., and w5zh 
i 

decrease i n  h ,  and y 2 <  pie Atmospheric oxygen probably d i f f u s e s  from che 

gra in  boundaries i n t o  t h e  depth,  forming acceptor  conditTons, P a r t i a l  ox5da- 

t i o n  of CdSe t o  CdSeO a l s o  i s  poss ib le .  I f  t h i s  is  s o ,  conductance r ,  01 t h e  
3 'd 

boundaz-y w i l l  decrease ,  and i n f l e c t i o n  of t h e  CdSe energy bands w i l l  deb-eiop 

t h e  boundary. I l luminat ion  inc reases  a and decreases  t h e  Debye lang-zb ax 
1 ' 

t h e  boundaries. Boundary width,  h ,  decreases. 

Specimens, warmed t o  400°C i n  a i r ,  o r  i n  argon, show a drop i n  r e s i s t a n c e ,  /862 -- 
and oxygen i s  re l eased  from t h e  l aye r ,  The boundaries t h a t  develop are chsrac- 

t e r i z e d  by small p and 02, a s  wel l  a s  by cons tant  h. 
2 

Table 4 

s -. . '  . , !, '! 

Treatment ., $.,., . , $ark ' , ,  . ' . '  . 
\ ' .  : 

I .  

2 - 1 hour warming i n  2.1p3. 
. a i r a t 4 0 0 ° C  , - 

3 1 hour warming i n  9-10'. 
,I I - -  argon a t  400'C . - .  .- 

Warming a t  250°C 16;lo4 
i n  a i r  I ,. . ,*..: I...' .. .. ..: . 

vapor-grown l a y e r  
on top  
same specimen (fi) I 2.10-1 

- 1  ['warmed i n  argon a t i  
300°C 

I ,  

4 
j 

. , I 
Remarks I 

Increase  i n  grain eonduccsnce 

displacement of 0, from xlio~nd, 
4 

Boundaries of constant wid ;h, 
displacement of Q2 Zrom boiir*b, 

Increase  i n  grarn eonduc-cance 

conddctance cf 
boundaries,  sligh-c. increase in 
conductance of g r a i c s ,  de- 

The width of t h e  boundary does not  depend upon i l lumina t ion ,  ib:easwed b 

decreases  with inc rease  i n  o a s  w i l l  be seen from Table 3. 
1 

The r e s u l t s  f o r  specimen No. 5 concord wel l  with t h e  model w i t h  h i g h  a 
2 

boundaries. Af te r  warming t h e  CdSe specimen with vapor-grown indium in argon, 

conduct iv i ty  increased  (by  a f a c t o r  of 2.5-fold), and mobi l i ty  decreased by a 

f a c t o r  of 20. 



This can be i n t e r p r e t e d  a s  suggest ing t h a t  t h e  indium d i f f u s e s  zoz2 

r a p i d l y  i n  a  region  wi th  an imperfect  l a t t i c e ,  i . e . ,  boundaries,  t h m  L? 

grains.  Indium i s  a  donor admixture f o r  CdSe, When it d i f f u s e s  into rbe bcm- 

d a r i e s ,  it r e a c t s  f r equen t ly  wi th  oxygen, forming r e l a t i v e l y  good condd-zinc 

oxides. 

A s  we s e e ,  i n t e r p r e t a t i o n  of t h e  r e s u l t s  of Hall  measurements, and cC con- 

d u c t i v i t y  of p o l y c r y s t a l l i n e  specimens, i s  very  d i f f i c u l t .  Generally s p e k i n g ,  

t h e  d i f f e r e n c e s  between parameters o, p ,  and RH f o r  t h e  g r a i n s ,  a s  w e l l  a s  for 

specimens a s  a  whole, can d i f f e r  by o r d e r s  of magnitude. Fur ther  disckassion 

of t h e  inf luence  of gra in  boundaries on measurements i s  welcome. 

A model of a p o l y c r y s t a l l i n e  se~niconductor i s  presented.  I t  i s  as.surned 

t h a t  t h e  g ra ins  and t h e  gra in  boundaries have d i f f e r e n t  conduct iv ix ies  and 

d i f f e r e n t  Hal l  mob i l i t i e s .  The e f f e c t  of t h e  g ra in  boundaries on t h e  values 

of measured c o n d u c t i v i t i e s ,  of Hall  mobi l i ty ,  and of c a r r i e r  c o n c e n t r a ~ i o n  i s  

est imated,  The model i s  used t o  expla in  t h e  r e l a t i o n s h i p  of mobi l i ty  zo 

i l l umina t ion  of a  p o l y c r y s t a l l i n e  cadmium se len ide  t e s t  specimen and 6 ~ s  depen- 

dence on t h e  condi t ions  under which t h e  above-mentioned l a y e r s  a r e  03-l;a.ined, 
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